A translating flexible beam system driven by a rodless cylinder using a proportional valve is proposed. Active vibration control of the flexible beam is developed by using a pneumatic cylinder and a surface-bonded piezoelectric actuator. The experimental test bed constitutes a pneumatic circuit, piezoelectric control system, and corresponding interface circuits. Then, a proportional derivative (PD) controller and an adaptive fuzzy sliding mode control (AFSMC) algorithm are designed and applied to vibration control of the experimental system. Experiments are conducted for set-point residual vibration suppression and resonant vibration control under the excitation of the first mode. The experimental results indicate that the designed controllers can increase the damping of the system to damp out the residual vibration and minimize certain resonant responses.
INTRODUCTION
Pneumatic drive systems are widely used in industrial systems owing to their ease of maintenance and cleaning. However, pneumatic systems suffer from several drawbacks, such as 1nonlinear friction force and highly nonlinear pneumatic system dynamics. 1 The nonlinearities in the pneumatic system are mainly the couplings between the pressure and the motion, the flow rate, and the friction force. 2 Moreover, for a longstroke pneumatic rodless cylinder, higher nonlinear dynamics due to a large operation range may occur; thus, it is difficult to design an effective controller. 3 Besides, the highly nonlinear flow through pneumatic components and the pressure dropping and time-delay along the connecting tube also result in control errors. 4 For complicated nonlinear pneumatic servo systems, the conventional PD controller shows a poor capacity to cope with; it may not give a satisfactory control performance. To overcome the above-mentioned problems, control algorithms should be investigated to guarantee the robustness and performance of the pneumatic control system.
To deal with some of the above-mentioned problems, several advanced schemes were utilized to control the pneumatic servo system. A fuzzy gain scheduler of the local state feedback controller was designed for servo-pneumatic actuators.2 Robust loop shaping-fuzzy gain scheduling control (RLSFGS) was applied to design a nonlinear controller for a long-stroke pneumatic system. 3 A combined discrete variable structure control with self-tuning adaptive control was developed for positioning control strategies of a pneumatic cylinder and a piezoelec-tric actuator. 5 Further, a kind of multiple-surface sliding controller was designed for pneumatic servo systems. 6 The sliding mode control was employed to guarantee the robustness of the pneumatic servo system; however, chattering problem occurred in this type of controller. With the idea of the sliding mode control, a direct adaptive fuzzy sliding mode controller was designed by combining a direct adaptive fuzzy control and a fuzzy sliding mode control to reduce the tracking error and chattering. 7, 8 Adaptive fuzzy sliding mode controller was also applied for vibration control of magnetorheological mount. 9 As for active vibration control of flexible piezoelectric manipulators driven by pneumatic actuators, it is a complicated, rigid-flexible coupling dynamic system, which includes the interaction of a rigid body motion, flexural vibration of flexible manipulators, and highly nonlinear pneumatic actuator dynamics. 10 Compared with previous works, the major contributions of this work are follows: (a) The pneumatic drive translating flexible piezoelectric beam system is controlled by using a proportional valve to meter the exhaust flow. The hybrid pneumatic and piezoelectric control strategy is utilized to suppress the vibration of the flexible beam. (b) An adaptive fuzzy sliding mode control algorithm is applied to enhance the robustness and adaptability of the complicated control system. (c) Experiments are conducted using this designed adaptive fuzzy sliding mode control, and its results are compared with those of the PD controller.
